Background: Decompressive craniectomy (DC) in traumatic brain injury (TBI) patients has been subject of debate for neurosurgeons since long time. Our goal in this study is to evaluate the quality of life of these patients and to look at the problem from their point of view. Methods: Quality of Life after Traumatic Brain injury (QOLIBRI) instrument is was applied to 105 TBI patients who performed DC. Age, gender, the mode of injury and level of education, time from TBI to DC, lowest GCS score post-injury, presence of a corneal reflex, whether patients performed reconstructive cranioplasty or not, blood pressure, patient temperature, midline shift on CT scan, fasting blood glucose, whether patients performed rehabilitation therapy, days of use of mannitol and barbiturates sedation were recorded. Results: Sex of the patient, educational background, time between TBI to perform DC surgery, pupillary response of patient before surgery, systolic and diastolic blood pressures, fasting blood glucose, rehabilitation and use of barbiturates did not prove to have any statistical significant impact on the patient's QOLIBRI score. Young patients were found to be scoring more in the social domain (P = 0.02). Higher Glasgow Coma Score (GCS) patients scored statistically better in the cognitive (p = 0.00), self (0.00), daily life (p = 0.00), social (p = 0.00), emotion (p = 0.00) and total QOLIBRI (p = 0.00) score. Interestingly, the longer the time interval between TBI and time at QOLIBRI instrument application, the lower the score for cognitive (p = 0.00), self (p = 0.04), daily life (p = 0.02), emotion (p = 0. 05) and total QOLIBRI (p = 0.02) score. Reconstructive cranioplasty proved to positively affect the emotion (p = 0.05), social life (p = 0.01) and total QOLIBRI (p = 0.05) score. Temperature had a negative influence on the cognitive (p = 0. 01), self (p = 0.01) and daily life score (p = 0.01). Midline shift on CT imaging had a negative influence on cognitive (p = 0.00), self (p = 0.00), daily life (p = 0.00), social (p = 0.00), emotion (p = 0.05) and total QOLIBRI (p = 0.00) score.
TBI as a "silent epidemic" and they believe that this "silent epidemic" is not widely known and its importance to public health is insufficiently recognized [5, 6] .
TBI induces excitotoxic surges which facilitate an influx of calcium into the cell which in a progressive and delayed manner cause non-inflammatory swelling and hence program further neural loss [7, 8] . Edema increases the volume of intracranial contents, which translates into increased intracranial pressure (ICP). A vicious cycle of brain swelling, increased ICP, reduction in blood supply and oxygen delivery, energy failure and further swelling is developed which further enhances brain injury hence precipitating death [9] [10] [11] .
Non-invasive therapeutic methods are used as first line measures for ICP control [9, 11] . Decompressive craniectomy (DC), first reported by Annandale in 1894, is a promising rescue therapeutic strategy for refractory cerebral edema in cases of failure of first line non-invasive measures [12] . The rationale behind DC is to convert an injury within a closed box, with a fixed volume and limited reserve, into an open system with increased capacity to accommodate mass [13] .
Reduced health related quality of life (HRQOL) has been identified in individuals with TBI when compared with the healthy population [14] [15] [16] [17] . Traditionally, outcomes from TBI have been assessed by objective functional indicators such as recovery from disability, or return to work and productivity, while subjective physical, social and psychological effects were neglected [6] . Patient-reported outcomes (PRO), where patients capture their own perspective, has become a central endpoint of rehabilitation and has led to increased interest in evaluation of quality of life post TBI [18] . As documented by von Steinbuechel, neurology and neurosurgery have adapted to HRQOL as patient reported outcome relatively late [16] .
QOLIBRI is a multidimensional view of HRQOL, encompassing well-being and functioning in physical, psychological (cognitive and emotional), social, and daily life domains, with the patient viewed as the best source of information on his or her subjective state [6, 19] . The psychometric properties, correlations with neuropsychological tests and cross cultural validity of QOLIBRI have proved to overcome all the short comings in the previously present HRQOL instruments [20] . QOLIBRI contains 37 items in 6 domains, Cognition, Self, Daily Life and Autonomy, Social Relationships, Emotion and Physical Problems respectively [6] .
Several studies have supported the use of DC in not only TBI but also following ischemic stroke, subarachnoid hemorrhage and cases of severe intracranial infection [21] . Findings obtained so far on DC are mixed; some groups report a relatively high prevalence of favorable outcomes while others report much lower prevalence of favorable outcomes [15] . In order to better understand the PRO on HRQOL, we conducted a retrospective study on TBI patients who performed DC.
Methods

Patient population
TBI patients undergoing DC from January 2008 to December 2013 were selected from The First Affiliated Hospital of Guangxi Medical University database. A total of 105 patients were enrolled to take the 37-itemed QOLIBRI instrument. At completion, 50 participants were willing to be re-interviewed after 2 weeks for the test-retest analysis.
Inclusion criteria
Criteria for applying QOLIBRI instrument: Patients must be adults (age 16 years or older) and 17-68 years at recruitment to the study; 6 to 96 months after injury, capacity to give informed consent; adequate cognitive and behavioral functioning to understand, answer and cooperate. Criteria for DC: appearance of definite unilateral or bilateral brain swelling and a midline shift of at least 5 mm on the computed tomography (CT) scan with poor initial Glasgow coma scale (GCS) score (≤8); neurological worsening (a worsening of GCS score ≥2 points) and aggravation of pupillary response to light during initial medical therapy; bilateral fixed pupils with an intact brain stem reflex; a swollen brain despite hematoma evaluation.
Exclusion criteria
Pre-injury or current cognitive disability interfering with assessments; spinal cord injury; severe psychiatric diseases; ongoing severe drug addiction; previously diagnosed with hypertension; a diagnosed terminal illness; multiple severe trauma and burns.
Treatment plan and operative procedures
All patients underwent CT scanning of the brain in the emergency room on presentation. The mainstay for TBI patient management is medical. Our hospital operates on a protocol that includes head elevation, adequate oxygenation, fluid resuscitation, mild hyperventilation to reduce cerebral blood volume and osmotic diuretics. When non-invasive methods tend to fail, we assess the patient for ventriculostomy, craniotomy for hematoma removal or craniectomy to convert the 'closed' intracranial compartment into an 'open' one. DC reduces ICP and enhances blood flow, it has been shown that the larger the craniectomy, the greater the reduction of ICP. It has been shown that a 10 cm diameter bone flap with durotomy provides an additional volume of around 50 ml. 70 % of volume expansion of a DC is achieved through wide dural opening and 30 % by bone removal only. Usually a bone flap of 12 cm is recommended [9, 22] .
Decompressive craniectomy was performed by removing large portion of frontotemporoparietal cranium (>12 cm) for lesions confined to one cerebral hemisphere. Patients with bifrontal or anterior cranial fossa lesions underwent bilateral frontal craniectomy. The reference points used for bone flaps were at the pterion of frontal bone, the parietal eminence and in the temporal squamous areas. Temporal squama was rongered out until the floor of the middle cranial fossa was exposed. For patients with bilateral decompression, a frontal median segment of the bone, measuring about 3-4 cm in width along the sagittal sinus was saved to prevent damage to the sagittal sinus and to serve as a framework for later cranioplasty. Radial dural incisions are usually preferred over circumferential incisions giving adequate exposure to the hematoma. After craniectomy, epidural hematoma (EDH) and subdural hematoma (SDH) were evacuated when present. Brain parenchymal hemorrhagic contusions were removed in cases with persistent and significant brain swelling after craniectomy and hematoma evacuation. Artificial dura was used in majority of the patients and was secured with several sutures. Other duroplasty were done by harvesting the fascia overlying the temporal muscle. All patients underwent duroplasty to prevent cortical adhesions. Thin large gel-foam (roughly 0.5 cm thickness and 4×5cm size) pieces were placed between the dura and muscle layer for post-operative bleeding control and prevention of adherence between the dura and temporalis muscle. This gel-foam layer also facilitated the dissection plane for later cranioplasty.
Postoperative management and additional operation
After the decompression surgery propofol infusion is usually stopped, patient return to the neurosurgery intensive care unit (NICU) and conventional medical management, including hyperosmotic agents, neuroprotective drugs and antibiotics are used. Patients are ventilated until they regain consciousness and GCS is evaluated. A decision to extubated the patient or to continue with elective ventilation is taken. The next morning, all patients undergo a CT scan to evaluate the patient post-operatively. All patients (with exception to 2 patients in whom the bone defect healed itself), titanium cranioplasty using 3-D computer modelling of skull defects were carried out after 3-6 months after craniectomy. A ventriculo-peritoneal shunt was performed if the diagnosis of hydrocephalus was confirmed.
Data collection
After ethics clearance was obtained, data collection was performed retrospectively from review of medical charts and database of First Affiliated Hospital of Guangxi Medical University. Patients were recruited from the database on the basis of the coding of surgical procedures and diagnoses, allowing access to all patients undergoing DC in our institution. After receiving the informed consent of the patients, demographic data of patients, e.g. age, gender, previous medical history, the mode of injury and level of education were recorded. Level of education was divided as high and low: fewer than 10 years of education was considered low and greater than 10 years of education as high. When possible and often the case, missing data for education were imputed based on the type of work. For example, a participant whose occupation was listed as "farmer" was categorized as low education. Prehospital and hospital data of patients e.g. the lowest GCS score post-injury, presence of unilateral or bilateral dilated pupils, presence of a corneal reflex in the case of bilateral dilated pupils, whether patients performed reconstructive cranioplasty or not, blood pressure, patient temperature, midline shift on CT scan, fasting blood glucose, whether patients performed rehabilitation therapy, days of use of mannitol and barbiturates sedation were recorded.
The QOLIBRI instrument was the outcome measure in the present study. The first part taps on the responder's satisfaction with their HRQOL in 4 domains comprising cognition, self, daily life and autonomy and social relationships. The second part relates to how bothered the responders rate themselves after TBI in 2 domains concerning emotions and physical problems. Each item (37 in total) is scored on a 5-point scale, from 1 (not-at-all satisfied) to 5 (very satisfied), with reverse scoring on the bothered subscales. The QOLIBRI was scored according to an algorithm published by von Steinbuchel et al. [14] . Missing item scores on each subscale were imputed by the scale mean if less than one third of the responses were missing. Raw scores were transformed into a score range of 0 (lowest) to 100 (highest). Individual subscale scores and a total score were calculated. The interviewer determined if the participant was able to respond to the self-report questionnaire independently. If yes, the questionnaires were completed in the clinic. If no, questionnaire was completed by telephone or in a face to face interview.
Statistical analysis
Data analysis was carried out in SPSS 16.0 for windows (SPSS, Inc., Chicago, IL, USA). Item scores on the QOLIBRI "bothered" scales were reversed to match the "satisfaction" questions. Means were calculated for each QOLIBRI scale, prorated if no more than one-third of items were missing. A total QOLIBRI score was also calculated as the mean of all individual items, using prorating if necessary. Results are reported as the number (and percentage) of patients or mean ± standard deviation unless otherwise specified. A difference with a p value of ≤0.05 was regarded as statistically significant (two tailed test).
Skewness was present in the reported data and seems to be common in response to clinical scales. Extreme skewness can however create problems for analysis using correlations, reducing the probability that a scale will show strong relationships with other measures, and its reliability (or precision of measurement) of a scale. Skewness was checked but, however, some moderately skewed items were included, to capture a range of impairments [19] . Multivariate regression analyses were performed for the influence of sex, age, educational level, TBI to DC time, Worst GCS score, pupillary response, TBI to questionnaire time, whether performed cranioplasty, systolic blood pressure, diastolic blood pressure, temperature of patient, midline shift on computed tomography scan, fasting blood glucose, whether or not treated in a rehabilitation center, days of use of mannitol and use of barbiturate sedation to the 6 different QOLI-BRI domain scores and total score.
For the internal consistency of the scales, which reflects their reliability, was assessed using the Cronbach's α, and the fit of individual items to each scale was examined by correlating the item with the total for the other items in the scale. Cronbach's α and corrected item-total correlations (CITCs) were calculated. Test-retest reliability is one of the most important measures of reliability for questionnaires. The test-retest reliability of the QOLIBRI scales was assessed using the intra-class correlation coefficient (ICC), calculated between the scale means on two occasions (retested on average 14 days after initial testing). The conventional interpretation of the ICC is that values of 0.40-0.75 are fair to good and values over 0.75 are excellent [19] .
Results
Descriptive
A total of 105 participants were enrolled. Demographic and clinical characteristics of the sample are illustrated in Table 1 . 77 (73.3 %) were males, the mean age was 36.5 years (SD = 14.2 years). The cumulative frequency of patients below the age of 50 years old was 80 %. 33.3 % of the patients were injured due to falling, 49.5 % were injured in road traffic accidents, 13.3 % in violence and 3.8 % were injured while working. Educational level of patients were classified as ≤10 years of schooling (71.4 %) and >11 years of schooling (28.6 %). The time from TBI to perform DC was divided into 3 groups, less than 6 h (23.8 %), between 7 to 24 h (44.8 %) and ≥25 h (31.4 %). The GCS (Glasgow Coma Scale) of patients was retrieved and divided into 3 groups, 3-5 (40 %), 6-8 (43.8 %) and 9-12 (16.2 %). Pupillary response was divided into 3 groups, bilaterally unreactive pupils (9.5 %), unilaterally unreactive pupil (53.3 %) and bilaterally reactive pupils (37.1 %).
Psychometric properties of QOLIBRI items
Detailed item characteristics of the QOLIBRI-items are shown in Table 2 . All the corrected item-total correlations (CITCs) were greater than 0.58. Internal consistency of the scales and the total score estimated by Cronbach's α met standard psychometric criteria (Tables 3 and 4 ). The total QOLIBRI score of the population was 62.5 (SD = 12.5) as illustrated in Fig. 1 .
Test-retest reliability
A total of 50 participants agreed to apply the QOLIBRI instrument again after a 2 week interval. The test-retest intraclass correlations (ICC) ranged from 0.94 to 0.74 for separate scales. The ICC for the total QOLIBRI was 0.86. Multivariate regression was used to find how the QOLI-BRI domain scores were individually influenced by the independent variables (Table 5) . Sex of the patient, educational background, time between TBI to perform DC surgery, pupillary response of patient before surgery, systolic and diastolic blood pressures, fasting blood glucose, rehabilitation and use of barbiturates did not prove to have any statistical significant impact on the patient's QOLIBRI score. Young patients were found to be scoring more in the social domain (p = 0.02). Higher Glasgow Coma Score (GCS) patients scored statistically better in the cognitive (p = 0.00), self (0.00), daily life (p = 0.00), social (p = 0.00), emotion (p = 0.00) and total QOLIBRI (p = 0.00) score. Interestingly, the longer the time interval between TBI and time at QOLIBRI instrument application, the lower the score for cognitive 
Discussion
The use of decompressive craniectomy in neurosurgery has been widely discussed. Authors have noticed ethical contradiction in that absolute priority is given to preserving life while it remains unclear whether it results in a significant improvement in the quality of life of the patient [23] . To our knowledge, surprisingly, there has been no previous study to evaluate the quality of life of patients who performed decompressive craniectomy after traumatic brain injury. QOLIBRI, a disease specific instrument, assesses health related quality of life (HRQoL) of patients from different dimensions and help to keep tract of the present condition of patient and upon follow ups shows progress of patients from different aspects. In TBI patients who require DC, quick decisions must be made due to severity of the condition. Patient's decision and consent is substituted by surrogate decision makers who make choices between life and death. Risks of unacceptable badness (RUB) is a situation in which survivors live in a state which they would regard as unacceptably bad is often ignored [23] . Our search in PubMed, Cochrane and Google Scholar with keywords "TBI", "DC", "Quality of Life", "HRQoL" and/or "QOLIBRI" revealed about 1200 articles. After careful evaluation by our authors, 115 articles were selected and 32 articles were used in this study. This is the first article to evaluate the patient's perspective on his/ her current quality of life after decompressive craniectomy due to traumatic brain injury.
Though intracranial pressure seems to be alleviated by the removal of the cranial bone and the dura matter, the patient's outcome, hence quality of life, has been questioned by many researchers [24] [25] [26] . DC is intended to increase the expansion volume of the edematous brain tissue in the closed cranial box by removing a bone flap (usually 12 cm large), thereby increasing compliance which will result in a shift to the right of the pressurevolume curve. Intracranial pressure (ICP) is clinically controlled and oxygenation of the brain tissues are maintained which, in theory, will decrease secondary TBI injuries [22, 27] . However, the Extended Glasgow Outcome Scale after 6 months in patients who undergone DC plus standard care was significantly worse compared to the patients who received standard care alone [26] .
Decompressive craniectomy may be regarded as a simple procedure by many, but the fact that two surgical procedures are required-removal of bone flap (craniotomy) followed by repair of the defect (cranioplasty) -may be associated with significant complications [22, 25] . Early complications of craniectomy are associated with changes in interstitial pressures and brain compliance, cerebrospinal fluid circulation, cerebral blood perfusion and cerebral vasoreactivity autoregulation [13] . Syndrome of the trephined, usually later in craniectomy, is characterized by severe headache, dizziness, undue fatigability, poor memory, irritability, epilepsy, discomfort and psychiatric symptoms. [25] Infection, subdural hygroma, brain parenchymal damage, instability of implant and injury at the unprotected craniectomy site are complications associated with cranioplasty [13, 22, 25] . Bullinger et al. recommended that quality of life of TBI patients should reflect the point of view of patients, significant others and health care providers, though differences in perception may exist [28] . Studies reviewed by Nicole V.S. et al. indicated that moderate to severely TBI affected patients lived with a perceptually changed body image and self-image. Feelings of having lost their way, often struggling for a new normalcy after changes in physical and social conditions are new perspectives of TBI patients [29] . The QOLIBRI items do not focus only on disabilities which are helpful to patients making then identify not only weaknesses but also strengths and the impact on their own life situations. This is particularly effective for rehabilitation as it enhances strengths and facilitates adjustments rather than trying to compensate for disabilities [30] .
The ultimate goal of health care and rehabilitation following TBI is to return the person to full health or to enable him or her to maintain as high a health related quality of life (HRQOL) as possible. Subjective opinion of patients is crucial in prioritizing therapeutic goals as it takes into account their personal needs, values and hopes thus improving goal attainment. It also facilitates the therapeutic alliance, thus helping the participant to build a new life via a new ego-identity, in his/her own cultural, social and environmental context [30, 31] . QOLIBRI is an ideal 37-item questionnaire, which can be completed in less than 20 min, and can be regularly used in clinics for patients follow-up. It can help to identify and set appropriate goals for therapy. Score shifts in individual domains may reflect areas of life where gains or drawbacks consequent to treatment are made [6, 19, 30] .
83.8 % of our patient population had worse GCS score less than 8. The mean total QOLIBRI score was 62.5 (SD = 12.5), maximum score of 72.6 (SD = 15.7) was noted in the cognition domain and minimum score of 50.2 (SD = 17.3) was noted in the physical domain. We found that our "satisfied" scale scores were higher than the previously reported scores, whereas the "bothered" scale score were lower than that reported earlier [14, [18] [19] [20] 32] . These scores may have been influenced by the fact that severely injured patients have a greater sense of "survivorship" along with greater levels of social support. Also, because of impaired self-awareness, patients self-report may create a false impression that they have better neurological recovery from TBI than is the actual case [18, 32] . However, it has been earlier reported that patients may have adapted to new dimensions after TBI as when asked whether they would have consented to surgical intervention even if they had known their eventual outcome, answers were in the affirmative. Patients may adapt to their disability and recalibrate to as what they believe to be an acceptable quality of life and perceive an "unfavorable" outcome not necessarily as unacceptable as is perceived by others [24] . However, interestingly, the longer the time interval between TBI and time at QOLIBRI instrument application, the lower the score for cognitive (p = 0.00), self (p = 0.04), daily life (p = 0.02), emotion (p = 0.05) and total QOLIBRI (p = 0.02) score. We speculate that these patients, at the beginning, because of the impairment of their self-awareness, may actually underestimate the harm caused to them, but as time passes they become more aware and tend to appreciate the severity of their condition.
Patients whose total QOLIBRI score is less than 60 meet the hospital anxiety and depression scale (HADS) criteria of probable anxiety or depression and patients with total score less than 40 meet HADS criteria for diagnosis of both conditions [30] . Our total QOLIBRI score was 62.5. Siponski et al. studied 157 patients of which 59.2 % had GCS scale less than 8 (severe), and reported total QOLIBRI score less than ours [18] . However, other studies reported higher total score than ours [14, 19] . DC after TBI did not seem to be a definite factor to plunged total QOLIBRI score.
A separate issue was identified when dealing with TBI patients who undergone DC. Quality of life of patients as perceived by patients and relatives may be contradictory. Cases were noted where patients believed to be perfectly normal whereas relatives complained of increased temper, bad decision makings, poor hygiene and throwing tantrums among others. There were also cases where relatives believed that patient were recovering perfectly whereas patients themselves were complaining of difficulties in adaptation to the new lifestyle post TBI and DC. Especially, young female patients who had skull defect prior to cranioplasty were unwilling to go out and socialize with friends as they were terrified with the "alien" look. Reconstructive cranioplasty has an overall positive influence on the emotion domain (p = 0.05) the total QOLIBRI score (p = 0.05). This supports the findings of Cho et al. that in appropriately selected patients early cranioplasty must be performed [25] . We believe that if we can apply the QOLIBRI instrument in both patient and caregivers each time on follow up, harmony can be brought in the patient-caregiver relationship. TBI directly affects the patient but indirect harm to the caregivers is usually ignored, proper guidance and support to the caregivers must also be part of rehabilitation treatment.
Conclusion
Traumatic brain injuries mostly affect young patients when they are financially unstable and deal with major life problems like looking for employment, getting married and child bearing. QOLIBRI is a new disease specific instrument recommended by the international consensus group on quality of life after TBI. Cronbach's α, which reflects the reliability and internal consistency of scales proved to be very effective and test-retest reliability of the scores was acceptable.
The rehabilitation of TBI patients who undergo DC is a multi-disciplinary process with involvement of assessment from several professionals. The 6 domains of the QOLI-BRI instrument can evaluate the patients from different perspectives and patients can be re-evaluated routinely in the rehabilitation phase as soon as they are aware enough to respond appropriately. After each evaluation the present score can be compared with the previous score and areas of weakness can be implemented in the further treatment plans by the rehabilitation task force.
QOLIBRI is in line with the current rehabilitation measures as it is also multidisciplinary involving not only a rehabilitation therapist but also a psychiatrist and willpower of the patient and caregiver. As DC is a topic of debate among neurosurgeons, we would strongly recommend the use of QOLIBRI in evaluation of traumatic brain injury patients who undergone DC to shed further light on this issue.
Study limitations
The First Affiliated Hospital of Guangxi Medical University is a tertiary medical health center, majority of the patients come from different cities and counties. Some patients reach our hospital only for the surgery and continue rehabilitation in other hospitals, so our follow up data cannot reflect 100 % of the TBI patients who undergone DC. The QOLIBRI items are score on a 1 to 5 scale. This score needs to be computed on a 100 score scale by subtracting 1 and then multiplying by 25. We found in some patients difficulties to rate themselves on a 1 to 5 score. They were more convenient and confident on a 100 score scale. This may be because 71.4 % of our patients had education level less than 10 years, the proper estimation on such small scale proved challenging. Also we found that many of our patients were reluctant to answer the sex life item in social relationships scale. Further improvements in this scale can bring better compliance of patients to QOLIBRI instrument.
Future directions
When patients are affected by TBI and undergo DC, the patient and caregivers are both involved. All the studies published so far evaluate the patient from the health officer's or patient's point of view. We believe that patients and caregivers should both be more actively involved in the rehabilitation process. QOLIBRI can be assessed by both patient and caregiver and an idea of the domain scores differences can be used to harmonize the situation.
The clinical importance of DC on TBI patients has been proved and questioned at several instances. However, studies on the quality of life of these patients are very few. If larger studies can be carried out using QOLIBRI to evaluate the TBI patient's perspective after DC, this may be very helpful information.
